Simian virus 40 recombinant DNAs carrying the adenovirus type 12 EBB gene were constructed, propagated, and packaged in monkey cells. Monkey cells infected with the resulting virus stocks hyperproduced the E1B gene products in more than 80% of the cells as revealed by immunofluorescence. The products were distributed in both the nuclei and the cytoplasm, and a condensed form of fleck structure was observed in the cytoplasm. Polyacrylamide gel electrophoresis of the cell extracts and their immunoprecipitates detected the ElB-coded 19,000-molecular-weight protein but not the 50,000-molecular-weight protein. products in monkey cells by using a simian virus 40 (S,40) vector, we first cloned the Adl2 DNA fragment containing the E1B region in pBR322 (Fig. 1) . Two types of fragments were cloned. The EcoRI (position 1,536)-BstEII (position 3,446) fragment prepared from the plasmid pAdE1B-1 covers the whole coding region for the 19K and 50K proteins and contains the small intervening sequences from position 3,295 to position 3,369. The EcoRI (position 1,536)-XbaI (position 3,072) fragment contains the coding region for the 19K protein, but lacks the 3' onefifth of the coding region for the 50K protein. These fragments were cloned between the EcoRI and BamHI sites of pBR322 by using BamHI linkers. The plasmids were designated as pAdE1B-B and pAdElB-X, respectively. SV40 recombinants carrying the El B region in its late region were constructed and cloned in Escherichia coli as a pBR322-SV-Adl2 double-recombinant plasmid (Fig. 1) . Recombinant plasmid VIII, in which whole SV40 DNA was cloned in the BamHI site of pBR322, was cleaved with KpnI and SalI, and the fragment containing the SV40 early region and most of the pBR322 sequences was isolated. This fragment was combined with the KpnI-EcoRI fragment from plasmid 3-2-1*, which contained both 5' and 3' splice sites for SV40 late 16S RNA (details are given in the preceding paper [12] ), and with the EcoRI-SalI fragment from either 420
The genetic information encoded in adenovirus early genes ElA and ElB are required for both viral DNA replication and virus-induced cell transformation (21) . The information contained only in the E1A gene is not sufficient to completely transform cells (6, 19) . The expression of only the E1B gene is also not sufficient, since an adenovirus type 5 (AdS) host range mutant defective in the ElA gene is unable to transform the cells although the mutant retains the ability to induce ElB gene expression (20) . These results suggest that the ElA and ElB genes function cooperatively in the process of cell transformation.
The ElB gene encodes at least two proteins, with molecular weights of 19 ,000 to 21,000 (19K to 21K) and 50K to 55K (4, 11, 13, 16, 18) . Recent sequence data on the AdS and Adl2 E1B regions have shown that there are three open frames for protein synthesis (2, 9) . In the case of Adl2, the first reading frame starts products in monkey cells by using a simian virus 40 (S,40) vector, we first cloned the Adl2 DNA fragment containing the E1B region in pBR322 (Fig. 1) . Two types of fragments were cloned. The EcoRI (position 1,536)-BstEII (position 3,446) fragment prepared from the plasmid pAdE1B-1 covers the whole coding region for the 19K and 50K proteins and contains the small intervening sequences from position 3,295 to position 3,369. The EcoRI (position 1,536)-XbaI (position 3,072) fragment contains the coding region for the 19K protein, but lacks the 3' onefifth of the coding region for the 50K protein. These fragments were cloned between the EcoRI and BamHI sites of pBR322 by using BamHI linkers. The plasmids were designated as pAdE1B-B and pAdElB-X, respectively. SV40 recombinants carrying the El B region in its late region were constructed and cloned in Escherichia coli as a pBR322-SV-Adl2 double-recombinant plasmid (Fig. 1) . Recombinant plasmid VIII, in which whole SV40 DNA was cloned in the BamHI site of pBR322, was cleaved with KpnI and SalI, and the fragment containing the SV40 early region and most of the pBR322 sequences was isolated. This fragment was combined with the KpnI-EcoRI fragment from plasmid 3-2-1*, which contained both 5' and 3' splice sites for SV40 late 16S RNA (details are given in the preceding paper [12] ), and with the EcoRI-SalI fragment from either (Fig. 3) . The positions of DNA in forms I, II, and III are indicated on the figure. Intracellular viral DNA from SV-AdElB-B-infected cells was cleaved with XbaI, which cuts two sites located close together in the E1B gene (positions 3,072 and 3,185) but does not cut SV40 sequences. The recombinant DNA was, therefore, converted to form III, whereas the helper DNA remained in form I. The result (Fig. 3 , lane c) indicated that almost the same amounts (50%) of the recombinant and helper DNAs were present in the preparation. In the case of SV-AdElB-X, the DNA was cleaved with HaeII, which cuts the helper DNA once but does not cut the recombinant DNA (Fig. 3, lane d) . The consisted exclusively of helper DNA, and the recombinant DNA was scarcely detected. A quantitation of the recombinant DNA by spot hybridization as described in the preceding paper (12) indicated that the viral DNA contained approximately 5% of the recombinant DNA. The difference between SV-AdElB-B and SVAdE1B-X in the ratio of recombinant to helper DNA was repeatedly observed. The reason for this difference is presently unclear. The amount of form II DNA in the viral DNA preparations was about 20% of the total (Fig. 3, lanes g and  h) . The ratio of recombinant to helper DNA in SV-AdElB-B virus stocks did not change significantly between GC7 and CV1 cells, although a slightly higher ratio was consistantly obtained with GC7 cells.
Si nuclease mapping of Adl2 E1B mRNA. S1
nuclease mapping was performed as described by Berk and Sharp (1) . Cytoplasmic RNAs were prepared from CV1 cells infected with either SV-AdElB-B or SV-AdElB-X recombinant virus stock at 53 h after infection. The RNAs were hybridized with a uniformly 32P-labeled Adl2
HindIII fragment (positions 2,318-3,706) and with the PvuII fragment (positions 1,902-3,617). After S1 nuclease treatment, the hybrid was denatured and electrophoresed in an alkaline agarose gel. The autoradiogram is shown in Fig.  4A . The hybrids between SV-AdElB-B RNA and the PvuII fragment generated two bands of 1,540 and 1,390 bases (lane d), and the hybrids between SV-AdElB-X and the PvuII fragment generated a band of 1,170 bases (lane e). The 1,540-base fragment corresponds to the length from the 5' end of the PvuII fragment to the 3' end of the Adl2 DNA inserted into the recombinant (Fig. 4B) . Similarly, the 1,390-base fragment corresponds to the length from the 5' end of the PvuII fragment to the 5' splice site of RNA at position 3,295. The results indicate that the 1,540 and 1,390-base fragments correspond to the nB and Bi species of E1B mRNA. Judging from the intensity of bands, these species of mRNA were formed in nearly equal amounts. This is in contrast to Adl2-infected human cells, in which the nB species of EBB mRNA is scarcely detected (14) . No band corresponding a b c d e f g h nofluorescent staining. CV1 and GC7 cells on cover slips were infected with SV-AdElB-B or SV-AdElB-X at 41 and 39.5°C, respectively, and stained with anti-T-antigen-f serum at 60 and 38 h, respectively, after infection. A large amount of the gene products was synthesized in more than 80% of the cells infected with the SVAdE1B-B virus stock (Fig. 5) . This percentage was not significantly changed between GC7 cells (Fig. 5a ) and CV1 cells (Fig. Sb) to the B2 species was detected. The 1,170-base fragment generated from the hybrid with SVAdElB-X RNA corresponds to the length from the 5' end of the PvuII fragment to the 3' end of the Adl2 DNA inserted into the recombinant. The intensity of the 1,170-base band was much weaker than that of the 1,540-and 1,390-base bands, indicating that a much smaller amount of the E1B mRNA was produced in SV-AdElB-Xinfected cells. The efficiency of processing of this mRNA is nearly equal to that of the Bi species transcribed from SV-AdElB-B DNA when normalized by the amount of recombinant genome in the virus stocks. The same results were obtained with the HindlIl fragment. The hybrids formed with SV-AdElB-B RNA generated two bands of 1,120 and 970 bases (Fig. 4,  lane b) , and those formed with SV-AdElB-X RNA generated a band of 750 bases (lane c). These results indicate that the SV40 late mRNA splice junctions upstream from the ElB region were efficiently utilized, since the mRNA nB species and the E1B mRNA from the SVAdElB-X recombinant had no RNA splicing site in the E1B region. The Sc) suggested that this structure consisted of bundles offilaments. In contrast to recombinant SVAdElB-B, recombinant SV-AdElB-X produced the E1B gene products in only 5 to 10% of the cells, owing to a low amount of recombinant virus in the virus stock. The E1B gene products were also analyzed by electrophoresis of 35S-labeled proteins. CV1 and GC7 cells were infected with either SV-AdElB-B or SV-AdElB-X, or with Adl2 as a control. The cell extracts were prepared after being labeled with [35S]methionine at the late phase of infection and were immunoprecipitated with anti-T-antigen-f serum. The proteins were electrophoresed on a polyacrylamide gel and autoradiographed (Fig. 6a) . The 19K protein encoded by the E1B gene was clearly visible in the extracts from SV-AdElB-B-infected CV1 (lanes a and b) and GC7 (lane c) cells. A much greater amount of the 19K protein was present in the extracts from the infected GC7 cells than in those from the infected CV1 cells. The 19K protein was scarcely detected in the extracts from SV-AdElB-X-infected CV1 cells (lane d) or in those from Adl2-infected CV1 or KB cells (lanes e and g). A significant amount of the 19K protein was precipitated from the extracts from Adl2-infected GC7 cells (lane f) and in those from Adl2-transformed Cha-1 hamster embryo cells (lane h). Only a very small amount of the 19K protein was precipitated from SV-AdElB-B-infected GC7 cell extracts with normal hamamount of hamster anti-T-antigen-f serum was added to the cell extract, and the mixture was incubated at 4°C for 4 h. The immune complexes were collected after adsorption to Formalin-fixed protein A-containing Staphylococcus aureus (8) . Antigens were eluted by boiling in sample buffer. The proteins were electrophoresed on a 14% sodium dodecyl sulfate-polyacrylamide gel (10) The proteins were also electrophoresed directly without immunoprecipitation (Fig. 6b) Whether one or both of the two ElB-geneencoded proteins are required for cell transformation is not known at the present time. The expression of both the 19K and the 54K proteins seems to be required for a complete transformation of cells with Ad2 and Ad5 (5, 7, 13) . In the case of Adl2, it seems likely that in addition to the ElA gene products, the E1B 19K protein plays a major role in cell transformation, since GY1 cells which contain the ElA gene and the EBB coding region for only the 19K protein are transformed completely (17) . The Ad5 E1B-encoded 54K protein seems to have a protein kinase activity (3) and is associated with the cellular 54K protein in the same way as is the SV40 large T antigen in the transformed cells (15) . No biological activity has ever been detected with the 19K protein in vitro. In vitro characterization of the E1B 19K and 50K to 55K proteins as well as the ElA gene products may facilitate the understanding of the mechanisms of cell transformation in which these gene products are involved.
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